Abstract Vitamin D seems to be associated with a protective effect in a vast range of diseases, including cardiovascular, autoimmune and oncologic conditions. Since ultraviolet (UV) B light is the most important prerequisite for the cutaneous synthesis of vitamin D, sunbeds are able to increase serum vitamin D levels, although only transiently in most cases. In this scenario, the artificial tanning industry relentlessly tries to promote the use of sunbeds as a 'safe' therapeutic measure to achieve an adequate serum vitamin D status. The World Health Organization classified UV-emitting tanning devices, as well as the whole UV spectrum, as group-1 carcinogens, as they significantly increase the risk of melanoma and non-melanoma skin cancer. In case of vitamin D deficiency or insufficiency, the current risk-benefit ratio is therefore in favour of vitamin D supplementation instead of sunbed use. Artificial tanning devices should never be considered as an option to achieve an appropriate vitamin D status. Their supposedly beneficial effects, vastly publicised by the artificial tanning industry, are not worth the carcinogenic risk associated with sunbed use.
Introduction
Vitamin D is a pluripotent hormone with beneficial effects going beyond bone health. The two main routes to acquire vitamin D are ultraviolet (UV) B irradiation-induced production in the skin and oral vitamin D intake (diet or supplementation). UVB light (wavelengths 290-315 nm) is the main inducer of vitamin D by photoisomerization of the 7-dehydrocholesterol in the epidermal keratinocytes into previtamin D 3 , which is then rapidly converted into vitamin D 3 (cholecalciferol) in the stratum basale and stratum spinosum of the epidermis. 1 This photosynthesis takes place at sub-erythemogenic UV doses, while longer UV exposures photo-degrades vitamin D, which explains why excessive sun exposure does not result in vitamin D toxicity. 2 Indeed, vitamin D toxicity may be caused only by excessive doses of vitamin D supplements not by diet or sun exposure, as the body is able regulate vitamin D levels in a physiological scenario. 3 The Endocrine Society Clinical Practice Guidelines on vitamin D defines sufficiency as >30 ng/mL of serum 25-OH-D, insufficiency as 21-29 ng/mL and deficiency as <20 ng/mL (Table 1) . 6 The Institute of Medicine (IOM) applies different thresholds and defines sufficiency as >20 ng/mL of serum 25-OH-D.
disorders, infectious disease, autoimmune disease, as well as allcause mortality and increased risk of cancer with different levels of evidence (with colorectal cancer presenting the most consistent evidence of association in the oncology scenario). 1, [9] [10] [11] [12] [13] [14] [15] [16] Even though many of the extra-skeletal benefits of vitamin D supported by epidemiological data have yet to be clearly demonstrated by randomized controlled trials specifically designed to that purpose, 17, 18 there has been a rising interest in optimizing vitamin D levels in vitamin D deficient/insufficient individuals. Since the majority of vitamin D is produced in the skin under the influence of UVB irradiation, the tanning industry constantly insists that the use of sunbeds (also known as artificial or indoor tanning devices, booths or solaria) is actually beneficial to humans, 19 even though artificial tanning has been recognised as a carcinogen to humans since almost a decade by the World Health Organization.
20,21
Here, we present an up-to-date overview of the relationship between vitamin D and sunbed use. Several issues will be addressed, namely (i) the ability of sunbeds to increase vitamin D levels, (ii) the high radiant UV fluxes emitted by sunbeds (iii) the carcinogenic evidence associated with sunbed use, (iv) the uncertainties about the UVB amount needed for vitamin D synthesis and emitted by solaria, (v) the effectiveness and modalities of vitamin D supplementation. Finally, we will address the question as to whether the potential of sunbeds to increase vitamin D levels is worth the carcinogenic risks.
UVB Emission by sunbeds raises vitamin D levels
One of the justifications most used by the tanning industry to support and promote the use of sunbeds is that vitamin D is produced in the skin under the influence of UVB irradiation and therefore, indoor tanning should be considered beneficial to humans. 19 Before ceasing operation and dissolving the organization in August 2017 under the pressure of the Melanoma Research Foundation, 22 the Indoor Tanning Association had worked for decades to promote the sunbed industry despite the large evidence of the hazards of indoor tanning, in particular providing the public with misleading messages such as that sunlight is the 'only' way for the body to manufacture the necessary vitamin D. 23 It is true that sunbed use can increase the serum levels of 25-OH-D and several studies have confirmed this finding. 2, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] On the other hand, this increase is in most cases only transient and not sustained if sunbed use is not regular and continuous: a plateau in 25-OH-D level is indeed reached after just a few sunbed sessions due to a balance between photo-production and photo-degradation. 24 
High radiant UV fluxes emitted by sunbeds
If on one hand artificial tanning is able to increase-at least transiently-vitamin D levels, on the other hand, it is troublesome that sunbeds usually emit exceedingly high radiant UV fluxes (W). Although the solar spectrum is highly variable in UVA/UVB ratios (mainly depending on elevation, and strongly affected by sunscreens) and dose depends on exposure time
, a Swiss study showed that the majority of sunbeds on the market in Switzerland emitted spectra that are similar to the sun spectrum in the UVB range (280-320 nm) but reach values 10-15 times higher in the UVA range (320-400 nm). 35 These sunbeds had emission spectra that corresponded to a UV index of 13, which is significantly higher than the UV index of around 10 of the high summer sun at noon around the Mediterrenean (Southern Europe). This means that frequent indoor tanners may receive UVA doses greater than those received from the sun, and this in addition to their natural sun exposure. Similarly, it has been shown that nine out of 10 sunbeds in England emitted exceedingly high levels of UV radiation as compared to the European recommended limits. 36 Orlova et al. 2 reported that the UVB radiation emitted by sunbeds was comparable to the UVB intensity of summer sunlight in Oslo, but the UVA radiation was almost four times larger than that of solar radiation, even if these are general estimates not concerning actual personal exposures/ doses.
Sunbeds are carcinogenic to humans
The International Agency for Research on Cancer classifies the entire UV spectrum, including UV-emitting tanning devices, within the most important category of carcinogens to humans (group 1). 20, 21 Indeed several meta-analyses have consistently
shown that ever sunbed use increases melanoma risk by 15-25%. [37] [38] [39] [40] [41] [42] Additionally, Cust et al. 43 found that in young melanoma patients (18-29 years), 76% of melanomas were 40 It is interesting to note that in a big Swedish cohort of 38 472 women followed up for 15 years, sunbathing vacations were associated with a reduced risk for allcause mortality, whereas sunbed use increased the risk of allcause mortality. 45 Conversely, in another Swedish study, sunbed use was found to be associated with lower all-cause mortality but in multivariate models not adjusted for sex, neither for sun exposure nor phenotype 46 ; more importantly, when the same authors evaluated the risk of melanoma among women due to sunbed use the estimate indicated a significantly increased risk in a model adjusted for some phenotypic features and hereditary melanoma predisposition. 46 In spite of these evidences, sunbed use is widespread in developed countries, with a prevalence for ever exposure as high as 42% in western/northern European adults. 47 
Difficulties in ascertaining the amount of UVB exposure needed to increase vitamin D and in measuring UVB emission by sunbeds
Even in the unrealistic hypothesis that sunbeds were safe to use, it would still be hard to know how to use them in order to get the right amount of serum vitamin D.
Firstly, it is difficult to ascertain how much UVB exposure on a given body surface area one needs to achieve adequate synthesis of vitamin D and subsequently 25-OH-D. Different factors are important, such as skin colour and ability to tan, body surface area (BSA) and anatomical regions irradiated, latitude and altitude, season and solar zenith angle, clothing and sunscreen use, time of the day and age. [48] [49] [50] [51] [52] [53] Moan et al. 26 showed that very small amounts of UVB irradiation could already be sufficient for a rise in vitamin D levels. Bogh et al. 54 showed that the increase in 25-OH-D depends mainly on the UVB dose rather than the time of exposure; however, for small UVB doses the irradiated BSA is important. 60 showed that, in specified conditions, white Caucasians across the UK need 9 min of daily sunlight at lunchtime from March to September for 25-OH-D levels to remain ≥25 nmol/L throughout the winter. Secondly, dosing UVB emission by sunbed is difficult as well. Theoretically, it should be easy to retrieve the percentage of UVB emitted by different types of sunlamps, and therefore have an indication of the ability to generate vitamin D per standard or minimal erythemal dose. However, Tangpricha et al. 34 found that the proportion of UVB output of different tanning devices shows large variation (from 0.5% to 4% of the total UV radiation emitted), making it difficult to measure the amount of UVB irradiation received.
Vitamin D supplementation
UVB exposure is not the only way to supply one's vitamin D needs: vitamin D supplements do just the same, if not better, 61, 62 with the advantage of not having carcinogenic risks. Indeed, vitamin D supplementation (along with serum vitamin D levels) has been associated with reduced overall mortality in healthy subjects, chronic kidney disease mortality and cancer mortality. [63] [64] [65] [66] [67] [68] [69] The 4th edition of the European Code Against Cancer recommended that the beneficial effects of UV exposure, such as vitamin D production, could be fully achieved while still avoiding too much sun exposure and indeed the use of sunbeds. 70 Hajhashemi et al. 62 recently showed that daily high-dose oral supplementation of vitamin D 3 (4000 IU/day for 10 weeks) is more effective than sun exposure in increasing serum vitamin D levels in pregnant women with vitamin D deficiency. de Grujl and Pavel showed that a three times a week sub-sunburn sunbed exposure over a mid-winter 8-week period was able to produce a clear increase in serum vitamin D levels, more so than 1000 IU daily vitamin D 3 supplementation. 27 However, even if the study regimen of sunbed exposure was defined as 'sub-sunburn' (in agreement with the European Standard), 15/ 35 (43%) participants reported sunburn at some point of the study. 27 Therefore, vitamin D supplementation is to be preferred because, contrary to sunbed use, it is not associated with the risk of sunburn and therefore the risk of skin cancer. Lagunova et al. compared supplementation and sunbed use in terms of vitamin D production in Norwegian volunteers. They showed that daily high-dose oral supplementation of vitamin D 3 (2000 IU/day for 30 days) during winter was equally, if not more effective than whole-body sunbed exposure (two weekly sessions for 5 weeks) in increasing serum vitamin D levels. 24 These data suggest that in order to reach the same benefit of an innocuous oral supplementation, one should receive 10 sunbed sessions in the space of 35 days. This represents a likely hazard, given that ever exposure to sunbeds was shown to increase melanoma risk by 20% overall and by 75% if exposure occurs before age 35.
37
Correction of vitamin D insufficiency can be achieved not only with daily or monthly oral vitamin D supplements, but also with large bolus doses administered with various, more spaced out dose regimens: interestingly, large bolus doses of vitamin D seem to guarantee a higher treatment compliance and a more sustained improvement in serum vitamin D status. 71 Kearns et al. 72 suggested that (i) single vitamin D 3 bolus doses ≥300 000 IU represent a better option than previously described dose regimens in order to obtain a sufficient vitamin D status for up to 3 months and (ii) that vitamin D 3 is superior to vitamin D 2 in achieving higher and more sustained serum vitamin D levels. More recently, it was shown that oral calcifediol (25-OH-D 3 )-especially at the daily dose of 40 lg-should be preferred to oral cholecalciferol (D 3 ) because: (i) it induces a more rapid increase in serum vitamin D levels and in a linear dose-response fashion; (ii) it is more potent and therefore requires lower dosages; (iii) it displays better intestinal absorption; (iv) it provides a more stable serum vitamin D status. 73, 74 These recent new evidences on dose regimes of vitamin D supplementation might explain why approximately one billion people worldwide were previously reported to suffer from vitamin D deficiency/insufficiency despite the vast availability of oral vitamin D supplements. 1 
Conclusions
The question remains as to whether UVB emission from sunbeds could contribute to achieve an adequate serum vitamin D status without increasing the risk of skin cancer. Although the current European legislation sets the limit for UV emission from tanning devices to 300 mW/m 2 of total effective irradiance (harmonized European standard EN 60335-2-27:2013), 75 sunbeds remain powerful sources of UV radiation, and emission of higher UV doses due to malfunctioning/obsolete machines, lack of compliance with the legislation, absence of warnings for at-risk individuals and inappropriate use by customers of tanning salons is still common, as demonstrated by a 2017 Belgian Ministerial Inquiry. 76 At any rate, the Scientific Committee on Health, Environmental and Emerging Risks (SCHEER) of the European Commission recently declared that a safe limit for exposure to tanning device does not exist. 75 Therefore, in spite of the potential of tanning devices to increase serum vitamin D levels, 'clinicians should continue to educate patients on the harms of indoor tanning and encourage its cessation'. 38 In case of vitamin D insufficiency/deficiency, vitamin D supplementation carries the least risk, as it is easy, well titrated if the patient is reliable in its intake and not carcinogenic. In some exceptions, medical narrow band UVB devices, which-contrary to sunbeds-do not emit UVA, can be used as a useful alternative for vitamin D production, for example in patients with malabsorption diseases or when oral administration is not possible.
In conclusion, the answer to the question as to whether the potential of sunbeds to increase vitamin D levels is worth the carcinogenic risks is definitely 'no'! When everything is taken into account, in case of vitamin D deficiency or insufficiency the riskbenefit ratio is clearly in favour of vitamin D supplementation. Sunbed use to improve vitamin D status cannot and should never be justified because of its well-established carcinogenic risk.
